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Introduction
To the best of our knowledge, no previous systematic literature review or meta-analysis has analyzed the efficacy of video game-based interventions for active aging through a life course preventive perspective, despite the World Health Organization recommendations [3] . Moreover, none of them based their findings on randomized controlled trials (RCT), nor included all kinds of video games or analyzed diverse health areas. The main aim of this meta-analysis was to determine the efficacy of video game-based interventions for active aging from middle adulthood (i.e., � 45 years-old) in RCT. The secondary aim was to identify the specific moderating variables for the efficacy of the interventions.
Methods
This systematic literature review and meta-analysis was developed in adherence with the guidelines by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [18] (see PRISMA checklist at S1 File). The protocol for this review was registered in the International Prospective Register of Systematic Reviews (CRD42018086870) and fulfilled the AMSTAR quality criteria for Systematic Reviews [19] .
Search strategy
Studies published through February 28, 2018 . Further studies were included through hand search, tracking cited references in other studies and relevant previous literature reviews.
Selection procedure
Studies identified in electronic searches, after exclusion of duplicates, were screened for relevance based on titles, abstracts and keywords. Full texts of articles considered relevant were obtained and fulfillment of inclusion and exclusion criteria was evaluated independently by two reviewers. Any disagreement was discussed in a consensus meeting. If consensus was not achieved, a third independent reviewer adopted a decision.
Studies were included if: (a) they were a RCT; (b) they assessed the efficacy of interventions for active aging; (c) the intervention received by the experimental group (EG) was delivered through a video game format; (d) the participants were healthy adults older than 44; (e) they used at least one standardized outcome measure; (f) they reported at least pre-treatment and post-treatment quantitative results that permitted computation of the effect size; and (g) were written in English or Spanish language.
Studies were excluded if they: (a) were pilot, feasibility, preliminary or proof of concept studies; (b) included mixed participants (e.g. young and older adults) without differentiating the results of each group; (c) reported multimodal interventions, not being able to discriminate which outcomes were associated with the video game intervention.
Data extraction
Data of the selected studies were extracted independently by two reviewers using a standardized data extraction protocol and coded based on a coding manual (S2 File) as suggested by the Cochrane Handbook for Systematic Reviews of Interventions [20] .
Data coding
Descriptive information extracted from selected studies (when available) was comprised of the following: type of technology/device; name and type of video game (serious, casual, exergame); participants' demographic characteristics (sample size, age, gender, education, civil status, socioeconomic status, urban or rural context and attrition); characteristics of the interventions received by the experimental and control groups (format, duration, number of sessions, presence of professional, individual tailoring, dosage, time of outcome assessment, follow up); outcome measures and findings.
For the purpose of this review, a video game was considered "serious" when it included gaming features aimed to promote behavior change and/or improve health [9] ; "casual" when it was used in a leisure context with the sole aim of entertaining and without a specific aim of improving health; and "exergame" if it required physical activity when played [21] .
To select primary outcomes, we based on health and social services, behavioral, personal and social determinant factors of active aging in an individual level according to the theoretical model of the World Health Organization [3] . In addition, we focused on health area of action of active aging [22] . Health was defined as a state of complete physical, mental and social wellbeing and not merely the absence of disease [23] , and conceptualized as a three domain concept including physical, mental and social health [24] . Therefore, the primary outcomes were a change from baseline to post-treatment of physical, mental and social health domains.
Physical health was divided into objective (e.g., motor functioning, cardiovascular functioning) and self-reported health measures. Mental health was divided into cognitive health and emotional health, as recommended by Duncan and Barret [25] . Cognitive health included the cognitive domains described by Strauss, Sherman and Spreen [26] : executive functioning (working memory, inhibitory control, task switching/flexibility and reasoning/problem solving), visuospatial skills, immediate memory, delayed memory, language, attention and processing speed. Emotional health included positive and negative affect, according to the affective structure established by Watson, Clark and Tellegen [27] . Social health included the capacity to fulfil one's potential and obligations, the ability to manage life with some degree of security and independence despite a medical condition, and the ability to participate in social activities [24] . When the authors did not report a global measure of a particular domain, a composite change score was calculated as a combined average of the mean change (and variance) across all outcomes reported for that specific domain, as suggested in previous metaanalyses [28, 29] .
To analyze the influence of the characteristics of the studies on the effect sizes, potential moderating variables of participants, interventions, methods, context and extrinsic were coded [30] . Note that the potential moderating variable "type of prevention" distinguished between universal, selective, and indicated prevention, according to the US Institute of Medicine [31] . Universal prevention targets the general population; selective prevention targets segments of the population with an increased risk of developing a disorder because they have been exposed to risk factors; and indicated prevention targets people who have some symptoms of the disorder but do not yet meet the full diagnostic criteria. The moderator analysis was performed for a composite construct, combining the three health domains together (physical health, mental health and social health). See S2 File for a comprehensive list of the moderating variables and the outcome measures used to calculate the composite scores.
To assess the methodological quality of the included studies, we used Downs and Black's checklist [32] , which assesses reporting, external and internal validity, bias, confounding variables and power, comprising a total of 27 items and a maximum score of 32. Risk of bias of the selected studies was assessed using the instrument of the Cochrane Collaboration, which evaluates selection (random sequence generation and allocation concealment), performance, detection, attrition, reporting and other bias [20] . Studies were considered of low risk if none of the items were considered as high risk and not more than one item was coded as unclear or not reported. If one or more items were considered as high risk, the risk of bias of the study was considered high.
Inter-rater reliability of the data coding was evaluated using Cohen's Kappa concordance index. It was excellent for the moderating variables coding (Kappa = 0.89), moderate for Downs and Black checklist (Kappa = 0.51) and substantial for Cochrane risk of bias assessment (Kappa = 0.78).
Data analysis
A meta-analysis was conducted with a fixed effect model if there was not heterogeneity (I 2 � 50%) or random effect model if there was heterogeneity (I 2 > 50%) [33] [34] . Effect sizes of 0.2 were considered small, 0.5 medium and 0.8 large [35] , and outliers were excluded. For those studies that involved more than one experimental group (EG), the same control group (CG) was used for the calculation of separate effect sizes (comparisons between experimental and control groups). For studies reporting more than one CG, data for the control with the most neutral activity (i.e., usual care if available) were selected for computing the effect size. Effect sizes of follow-up assessments were not included in the meta-analysis because they were scarce (only four studies conducted follow ups) and follow up times were not comparable (ranging from 4 to 48 weeks).
A meta-analysis of variance (meta-ANOVA) statistic for categorical variables and a metaregression analysis for quantitative variables (using IBM SPSS software, Version 21.0) was used to examine the contribution of moderating variables to the variance.
Results

Study selection
A total of 661 articles were identified after removing duplicates. Of these, full texts of 44 articles were assessed for inclusion (Fig 1) . We requested additional data from authors of 12 studies, of which 8 provided the additional data [36] [37] [38] [39] [40] [41] [42] [43] . Twenty-two articles were excluded: two because they were not RCT [42, 44] ; one because the intervention was not delivered through a video game format [45] ; four because the participants were not healthy older adults [46] [47] [48] [49] ; four because they did not use standardized outcome measures [50-53]; three because they did not report the minimum data necessary to calculate the effect sizes and it could not be obtained from the authors [54] [55] [56] ; four because they were pilot, feasibility or proof of concept studies [57] [58] [59] [60] ; and four because they reported on multimodal interventions and were not able to discriminate which outcomes were associated to video games only [41, [61] [62] [63] . Two articles reporting outcomes from the same RCT were combined into one study [36, 64] . Finally, 22 articles depicting 21 RCT (22 EG and 23 CG) were included. Their characteristics and findings are presented in Table 1 . (Continued ) [68] . None of the studies provided information about the civil status or the socioeconomic characteristics. Although all the studies included healthy older adults, three of them included participants with sub-clinical conditions such as subthreshold depression [69] or reduced mobility [38, 66] . The aims of the interventions were diverse and mainly focused on mental and physical health. Almost half (47.6%) of the studies were focused on improving mental health or preventing cognitive deterioration, 19.2% on improving physical functions and 33.3% were multidomain, targeting physical and mental health. None of the studies focused on social health; however, two studies assessed social-health related outcomes [38, 64] . The majority (85.7%) of the studies assessed interventions considered as universal prevention programs, and 14.3% were indicated prevention programs [38, 66, 69] . Only five (23.8%) of the interventions were designed based on a theoretical model; specifically, the cognitive psychology theoretical models [67, [70] [71] [72] [73] .
Regarding the interface of the game, 38.1% of the interventions used movement to register the players' performance (Wii or Kinect technology); 23.8% used manual devices (buttons, keyboards, gamepad or console) [ 69, [74] [75] [76] , and 28.6% were tailored to their performance level (e.g., reaction time, level of difficulty) [39, 67, 71, 73, 78] ; one intervention was tailored to both [37] . None of the programs were tailored to the health needs of the participants. The majority (71.4%) of the interventions were delivered face to face (e.g., [65, 69, 77] ), while 28.6% were self-administered at home [37, 43, 67, 68, 71, 75] .
The 57.1% of the interventions were delivered in individual format, 19.0% in a group format [39, 69, 74, 79] , 9.5% in dyads with a partner [40, 78] , and 9.5% were individual but simultaneously played in the same room as other participants [65, 70] .
A professional was present in 81.0% of the interventions, but in 28.6% of cases only during the participants' training [37, 39, 43, 67, 71, 75] ; this information was not available in 14.3% of the studies [64, 70, 79] , and in one the intervention was completely self-administered [68] . The type of professional who delivered the intervention was a researcher in 33.3% of studies, and a health professional in 28.6%; 19.0% of studies did not specify the type of professional [37, 67, 71, 73] . Only one study [37] stated that the professionals had been trained, and 47.6% of the studies trained the participants before starting the intervention [37, 39, 43, 64, 65, 67, [70] [71] [72] 75] , through training sessions ranging from 15 to 60 minutes long (M = 43.38; SD = 16.86).
Most of the interventions (61.9%) were delivered in controlled settings, such as research or health care facilities (e.g., [64, 69, 76] ), 28.6% were delivered at the participants' homes [40, 43, 67, 68, 71, 75] , 4.7% were delivered at a care home [66] and 4.7% at a social care facility [39] .
Methodological characteristics of the studies
Twelve (57.1%) studies specified their randomization method: 10 through computer software [37, 39, 64, 66, 67, 69, 71, 72, 74, 75] , one with a random number table [77] , and one with a number extraction method [38] . The participants were blind to their assigned condition (experimental or control) in 28.6% of the studies [37, 64, 67, 71, 72, 74] , and the assessment was conducted by blind researchers in the 23.8% [37, 66, 71, 72, 75] .
Regarding control conditions, 19.0% of the studies had a usual care CG [65, 68, 77, 78] , and of the 17 studies (81.0%) that had an active CG, 28.6% received a video game intervention [37, 43, 67, [69] [70] [71] . The 42.9% of studies were based on a research protocol [37, 43, 64, 67, 71, 72, 74, 75] , but none of them used a manualized intervention.
Most studies (81.0%) evaluated the participants only at the end of the intervention. Followup assessments were infrequent and mostly brief. Only 19.0% of the studies conducted a follow up assessment: 9.5% of them at four weeks [37, 72] , 4.7% at 12 weeks [64] , and 4.7% at 48 weeks [70] . Longer term benefits were evident in one study [72] , partially present in another study [64] , and not maintained in one study [37] . Additionally, in one study, the follow up assessment was only conducted with non-standardized measures [70] . Attrition was assessed in all studies, and ranged from 0% in five (23.8%) [65, 68, 70, 73, 79] to 25% in one [64] , with a mean of 7.6% of dropouts.
Quality assessment and risk of bias
The total score of the studies in Downs & Black's checklist (Table 2 ) ranged from 13/32 (41% of the possible marks) [79] to 27/32 (84%) [37] . The average score was 20.52 (SD = 3.22). Reporting was the strongest domain and external validity the weakest. Assessment of risk of bias across studies is shown globally in Fig 2 and detailed in Table 2 . The risk of bias was considered low for 2 studies (9.5%) [37, 72] , unclear for 12 (57.1%) [38-40, 43, 65, 69, 71, 73, 76-79] , and high for 7 (33.3%) [64, 66-68, 70, 74, 75] .
Meta-analysis of the efficacy of video game-based interventions for active aging
Begg's rank correlation test confirmed the absence of publication bias (Kendall's tau b = 0.01; p = .454, 1-tailed). A total of 14 studies assessed physical health; 13 of these were included in the meta-analysis. Of the 14 studies, 10 studies assessed objective measures between experimental and control groups and 4 studies assessed self-reported measures. Only one study that assessed physical health was excluded from the meta-analysis because it was identified as an outlier [73] . This study found that adapted physical activities training (alone or combined with Wii Fit) was more effective than Wii Fit alone at improving the balance of independent senior participants. Additionally, 18 studies assessing mental health were included in the meta-analysis (16 comparisons for cognitive mental health and 12 for emotional mental health), and 2 studies assessing social health were included in the meta-analysis. No study was excluded from the meta-analysis for mental or social health.
Regarding physical health, data were pooled from 10 comparisons for objective measures [38, 39, 66, [72] [73] [74] [75] [76] [77] [78] (with a total of 263 participants in the EG and 249 in the CG), and 4 comparisons for self-reported measures [38, 40, 79, 80] (Fig 3) . For mental health, separate meta-analyses for cognitive and emotional health were conducted. Regarding cognition, data from 16 comparisons were pooled [37, 39, 40, 43, 64, 65, 67, 68, 70-72, 74, 75, 78, 79] (with a total of 394 participants in the EG and 387 in CG). It was found that participants of the EG did not demonstrate beneficial effects from the video gamebased interventions compared to those of the CG (SMD 0.14, 95% CI = 0.00 to 0.29, p = .05; I 2 = 0%, p = .96) (Fig 4) .
Regarding emotional health, data were pooled from 6 comparisons for positive affect [38, 40, 64, 68, 69, 71] (with 152 participants in EG and 139 in CG), and 6 comparisons for negative affect [38, 40, 69, 71, 74, 75] (Fig 4) .
Finally, in social health data were pooled from two comparisons [38, 64] (with 65 participants in EG and 55 in CG). Participants of the EG experienced higher beneficial effects from video game-based interventions than those from the CG (SMD 0.40, 95% CI = 0.04 to 0.77, p = .03; I 2 = 0%, p = .49) (Fig 5) .
Analysis of moderating variables
The health status of participants, the type of game, the presence of physical activity, the type of prevention program, blinded assignment and participants' age acted as moderating variables. The rest of the variables analyzed (see S2 File) did not have any significant moderating effect. 
Discussion
In this systematic review and meta-analysis, we analyzed the efficacy of video game-based interventions for active aging in adults older than 44. Based on 21 RCTs, it was found that video game-based interventions produced small positive effects on objectively measured physical health, negative affect and social health. These findings are similar to a previous systematic Efficacy of video game-based interventions for active aging review for older adults [81] , which found significant mental health outcomes in the majority of the reviewed studies, followed by some physical and social health benefits. However, the results of the current meta-analysis also contradict findings from a previous meta-analysis which reported that video game training enhanced several aspects of cognition in older adults including reaction time, attention, memory, and global cognition [17] , although in the current metaanalysis there was a trend in this direction. There are some possible explanations for this trend. Firstly, the conclusions of our meta-analysis may be more rigorous and conservative, because it included only RCTs, while the meta-analysis by [17] included RCTs and other studies. Secondly, while the most frequently assessed cognitive outcomes in the current meta-analysis were global cognition and executive functioning followed by memory and lastly attention and speed of processing, attention and speed of processing have demonstrated to be the cognitive functions that improve the most after video game training [17, 68] . Regarding physical health, the benefits of video games are encouraging. They seem to improve some physical health variables in the older adults, for whom aging-related progressive degeneration in muscle strength and balance control system can lead to motor impairment, disability and falls [82, 83] . Although the effect sizes found were small, this may be due to the healthy status of the participants. In addition, while objectively measured physical health had significant benefits, self-reported physical health did not. One explanation for this finding is that self-reported measures refer to subjective health issues that are subject to high personal variability. These subjective health issues can also be confounded with changes that occur during normal aging (perceived exertion, perceived health, pain intensity). Furthermore, most of the studies in the current review assessed the same objectively measured variables that were trained during the video game-based intervention, which may have resulted in more positive outcomes. Physical health was assessed as muscle strength [77] , balance [38, 39, 74, 76, 77] , falls [66, 75] , functional fitness [78] postural control and gait [72] .
The positive effects of video games on negative affect and social health are of particular importance as depression and social isolation in older adults are risk factors that double the risk of subsequent dementia [84] and mortality [85] . Previous research has demonstrated that playing video games could lead to greater social interaction, less loneliness, a sense of accomplishment, and positive mood [40] . Our results confirm that video games can play a protective role in this area. However, it is unknown if the quality of mood enhancement and social participation derived from playing videogames is equivalent to non-virtual social participation. Social health is an emerging domain, and would greatly benefit from future research. Some of the outcome measures used in the reviewed studies, like The Short Form Health Survey [86] , or the World Health Organization Quality of Life Scale Brief Version [87] include subdomains assessing social health (e.g. Social Role Functioning, Social relationships), though information about social health cannot be assessed if the authors only report the total score. This was the case in two of the studies analyzed for inclusion in the current study [40, 63] .
The magnitude of the effects of video game-based interventions were moderated by the health status of participants, the type of game, the presence of physical activity, the type of prevention program, blinded assignment and participants' age. Specifically, participants with subclinical conditions benefited more from the interventions than healthy ones, which is consistent with the larger effect size obtained by studies on indicated prevention programs [88] and could also be caused by their greater statistical power.
Exergames resulted in better outcomes than other types of video game interventions. This finding may be due to exergames accounting for the beneficial effects in cognition and physical condition, while serious and casual video games lost explanatory power when this variable was controlled. This can be explained by the fact that exercise training induced functional brain plasticity and prefrontal adaptations that were correlated with improved performance in executive functions and processing speed. This is likely a result of reducing the need for prefrontal resources of executive functions and attention in dual tasks [74] . Similarly, cognitive decline is associated with impaired gait in older adults [89] . Another hypothesis is that cerebral metabolic activity that occurs with physical activity training requires increased availability of oxygen [90] . In addition, exergames train different motor and cognitive abilities such as multidirectional displacements, weight transfer, attention, planning, decision making and concentration [91] . This is consistent with previous research that demonstrated that combining not only different cognitive abilities but also combining cognitive and physical training improved cognitive performance in older age to a greater extent, suggesting the implementation of combined cognitive-physical interventions [41] . Previous reviews on exergames in adults and older adults concluded that exergaming provided a novel method for increasing or substituting physical activity, and resulted in improved physical function, depression and cognitive function [16, 92, 93] . The significant effects still existed when excluding waitlist-only controlled studies, and when comparing to physical activity interventions [29] . However, our results partially contradict a previous study that found that serious games have small positive effects for healthy lifestyle promotion in all ages [21] . Our results might be due to the fact that our study focused on adults older than 45, and that serious games seem to be less effective than exergames in healthy life style promotion.
Furthermore, the fact that non-blinded participants had better outcomes could be explained as a placebo effect. However, due to the few blinded studies in this review (n = 6) this should be further explored in future studies. Lastly, the fact that older participants benefited more from the intervention may be related to age-related decline in physical, cognitive, emotional and social functioning that video game interventions can prevent. In addition, these benefits may also be due to the fact that older adults may start the training program with lower physical, cognitive and emotional functioning scores related to aging decline [94] , which result in larger effect sizes after the intervention. This finding is consistent with a previous meta-analysis on video games aimed at older adults [17] .
However, no moderating effects were found in the other studies' participant characteristics (e.g., gender, education, marital status, socioeconomic class, or region), intervention variables (e.g., number of sessions, play duration, dosage of interventions, format, interface) or methodological variables (e.g., randomization method, type of control group, drop outs). These results indicate that video game-based interventions are broadly applicable across a wide range of participants and are equally effective on different dosages and formats. One reason for this may be that video game-based interventions are usually friendly and intuitive so people of any educational, social class or region can play them. In contrast to face to face interventions, video game based-interventions maintain fun, motivation, commitment with the task and allow for different activity levels, preventing fatigue [8] . No heterogeneity of the results was found, except for objective measured physical health, due to two studies [72, 74] which had results inconsistent with those of the other studies included in the meta-analysis. These differences may be due to the small sample size (n = 33 and n = 46, respectively) and the younger age of participants in these two studies (M ages 75.3 and 69.3, respectively). The small sample size and younger ages could prevent the generalization of the results and result in a ground effect that could impede the appreciation of improvements. The results of those studies should be considered with caution. Consequently, in the current meta-analysis a random effect model was applied to correct for these effects [33] .
This review has a number of strengths, including a registered protocol, rigorous evaluation of the quality and risk of bias of the studies and rigorous methods of quantitative synthesis. As far as we know, it is the first literature review and meta-analysis focused on video game-based interventions for active aging. Some limitations of the reviewed studies must be considered: most of the reviewed studies had small sample sizes, a lack of theoretical model-based interventions, none of the interventions were based on a manualized treatment and only 42.9% were based on a standardized protocol. Furthermore, there was a wide use of non-standardized measures, especially of criterion outcome measures (e.g., playing score, reaction time) and computerized non-validated adaptations of tests (e.g., Stroop test, Wisconsin Card Sorting Test), although it must be noted that only the results emerging from standardized instruments were included in this study. Followups were scarce and generally brief and in 57.1% of studies the risk of bias was unclear. Maybe for these reasons, the effect sizes in significant health domains were small.
In addition, conclusions drawn from this meta-analysis must be considered in the context of some limitations. Firstly, we included RCT which did not use intent-to-treat analyses, introducing the possibility of survival bias. In order to control them, we carried out a moderator analysis including attrition as moderator. Secondly, social health domain was only measured in two studies; therefore, social health results should be interpreted with caution.
Conclusions
Despite these limitations, the findings suggest that video game-based interventions are a promising and effective intervention for active aging promotion. Future studies to increase methodological rigor are needed. Additionally, more studies are suggested to assess adults older than 44 but younger than 60, with longitudinal studies analyzing the preventive efficacy of interventions in the aging process. RCT of serious video-game-based interventions targeting health domains other than cognition are recommended. 
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